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Design of Sedimentation Basins

Sedimentation basins, as noted, will
always have a detention time
somewhat less than the nominal value
and a surface overflow rate somewhat
higher than nominal as a result of
nonideality of the of the flow pattern.
Design of sedimentation basins is
directed toward reducing the degree
of nonideality.



Design of Sedimentation Basins

Sedimentation tanks may be
rectangular or square. In
rectangular basins, the is
directed along the long axis.
This flow pattern minimizes the
effect of inlet and outlet
disturbances



Design of Sedimentation Basins

Sludge removal equipment in such basins
consists of horizontal scrapers which drag the
solids to the hopper at one end, from which
they are removed intermittently or continuously
by gravity or augers. Typical designs are shown
in Figures below. Vacuum or siphon devices may
be used to remove sludge from clarifiers, but
such devices are best suited for very light
flocculent sludges such as those encountered in
biological wastewater treatment processes.



Design of Sedimentation Basins

. Rectangular basins offer certain economies in

construction if common wal
Square basins are occasiona

Their flow pattern is not as ¢
rectangular designs, and the

design is used.

ly used for clarifiers.
esirable as that in
sludge removal

equipment is more complicated. Square basins
generally employ rotating scrapers similar to
those in circular clarifiers with an additional
corner sweep mechanisms similar to that shown

in figure below.
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Design of Sedimentation Basins

In circular basins, the flow may
enter around the perimeter, as
shown in the figure below or at the
center as shown in the figure
below. The flow pattern is more
complicated than in rectangular
basins, and there is more
opportunity for short circuiting.
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Design of Sedimentation Basins

Studies of the flow pattern
in circular clarifiers have
indicated that the average
detention time is greater in
peripherally fed basins than
in those in which the flow
enters in the centers.
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Clean equipment in circular basins
usually consists of scraper blades
mounted on redial arms. The bottom of
the basin is sloped toward the center
hopper, and the rotating blades push
the sludge into a series of windrows
which are gradually worked to the
center. Circular basins have smaller wall
area for a given plan area but not
permit common wall construction.



Design of Sedimentation Basins

Careful design of inlets and outlets is
very important to the proper
operation of clarifiers.The ideal inlet
reduces the entrance velocity to
prevent development of currents
toward the outlet, distributes the
water as uniformly as possible across
the basin, and mixes it with water
already in the tank to prevent density
currents.



Design of Sedimentation Basins

Some typical designs which
offer a compromise between
simplicity and function are
illustrated in figure below.
Poorly designed inlets are the
most common cause of poor
clarifier performance.
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Outlets of clarifiers usually consist of
weirs which skim the clarified water
from the surface and are sufficiently
long to reduce the local velocity in
their vicinity to levels which will not
resuspend solids. The design of weirs
is based on a weir loading or weir
overflow rate expressed in flow per
unit length.
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Effluent weirs are placed as far from the
inlet as possible — at the opposite end of
rectangular basins, around the perimeter
of center — fed circular tanks, and toward
the center and along the radii of
peripherally fed basins. The weirs with
their associated effluent channels may
cover a substaintial portion of the area of
the basin. The area so covered is still an
effective part of the clarifier and is not
subtracted in determining the SOR.



Design of Sedimentation Basins

Typical weirs consist of 90° V notches.
The length calculated from the weir
overflow rate is the total length, not
the length over which flow occurs.

A compilation of typical surface
overflow rates, weir overflow rates,
and detention times which have been
used in water treatment are presented
in table below.



Design of Sedimentation Basins

These values are provided for
purposes of comparison, not as
recommended design standards.

Design of water treatment systems
should be based on laboratory
evaluation of the systems which
are proposed.



Design of Sedimentation Basins

Table (1):Typical water treatment clarifier design details

Type of basi Detention time, h Weir overflow rate, Surface overflow rate,
(m3/m.day) (m/d)

Presedimentation

Standard basin following:

Coagulation and flocculation

Softening 4-8 250

Upflow clarifier following:

Coagulation and flocculation 2 175

Softening 1 350

Tube settler following:

Coagulation and flocculation 0.2



Design of Sedimentation Basins

Example: Designing a long-rectangular
settling basin for type -2 settling:

A city must treat about 15000 m3/d of
water. Flocculating particles are produced
by coagulation, and a column analysis
indicates that an overflow rate of 20 m/d
will produce satisfactory removal at a
depth of 3.5 m. Determine the size of the
required tank.
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SOLUTION:

1- Compute surface area (provide two tanks at
7500 m3/d each)

Q=vs. As
7500 m3/d =As x 20 m/d
As =7500/2= 375 m2

2-Select a length- to-width ratio of 3/1,
calculate surface dimensions:

wx 3w= 375 m2
Width=11.18 say 11 m
Length=33.54 say 34 m
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3- Check the retention time:

T=volume/flow rate=11mx 34mx
3.5m /(7500 m3/d x 1 d/24h)

=4.19 h

4-Check horizontal velocity:

Vh =Q/As =(7500 m3/dx
d/24h)/11mx 3.5m = 8.1 m/h
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5-Check weir overflow rate. If
simple weir is placed across end of
tank, overflow length will 11 m
and overflow rate would be:

7500m3/dx 1d/24hx 1/11m
=28.4 m3/h.m

Five times this length will be
heeded



Design of Sedimentation Basins

Example:Designing a circular settling

basin:

Using the data in above example,
determine the diameter required for
settling basins.

Solution:

1- Again providing two tanks, the
surface area is calculated as before

As =375 m2
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2- The diameter is
calculated by

nd2/4 = 375 m2
d=21.85say 22 m



Presedimentation factlities (see Fig. R-1) are used to remove easily
settleable sand and silt, often present 1n surface water supplies,
espectally rivers, to avord siltmg m tre}atment plant mlet piping. In
ceneral, presedimentation basins and tanks should be located

upstream of any raw-water pumpimg factlity (low-lift pumps) and as



close as possible to the intake structure to avoid silting problems in

the plant intake pipeline.
Typical design criteria for presedimentation tanks are listed in Table

R-1.
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FIGURE R-1

Typical presedimentation facilities: (a) earthen basins (both

lined and unlined) and (b) rectangular tank shown without

continuous mechanical sediment removal facilities.



TABIL.F K-1

TYPICAT. PRESEDIMENTATION TANK DESIGIN
CRITERITA

Parameter

Tnits

YV alue

Tvwpe Honmzontal-flosaw
rectangular tanik

Mlinenmarn nuanber of Unitless 2

tanks

Depth {(withoaat I 3.5 —5

automated sediment

remowval’)

Depth (wniith auvtomated I 3 —4

sedimment remowval)

Mg nmarn length-to- | Dimensionless G- 1

depth ratio

Length-to—width ratio IDuimnmensionless 4:1—-8:1

Surface loading rate

200 — 400

Hormzontal mean fow m's 0.05 —0.07
wvelocity (at maximmomnn

daily flowr)

Detention fume 1M1 G — 15




Minsomun size of particle 1 0.1

to be removed

Bottom slope 1T Mandmoawn 1:100
longitudinal slope

Acssuming ideal settling in a rectangular basin, then-

L
‘il-"'_fZE
o
Vs= T
L
Vi __ T _ L
v, he b,
T

Then , the m{p.lf.red lengith of a presedimentation tank 1s:

7 h
L=—"Lh, or L=K=—2uwv,
1';-2 I'?_E'

Where -

L =length, m

K = safety factor (typically 1.5 to 2), nunitless

1, or d = effective water depth, m

V; O Vp = setthing velocity of particle to be remowved. m's

Yy O VvV = mean water velocity at maximum day flow rate, m's



EXAMPLE :
Two presedimentation tanks are designed to remove sand of 0.1 mm
and larger for an average flow of 1.0 m’/s. The maxinmm flow rate
1s to be 1.5 times the average flow and the water temperature 15 10
*C_ Assuming a typical water depth of 3.0 m and a factor of safety of
1.75, determine the length and width of each tank and check that the
surface loading (overflow) rate and the detention time are withan the
recommended design -::ritf:rial
ranges.
SOLUTION

<+ For water temperature is 10 °C. {(v= 1.306 x 10° m“/s ) , then

settling velocity of parficles can be calculated as:

g(sg,—1)d?, 981 _3(2.65— 1)(0.0001)>
Yp T Vs T 18v T T 18 x 1.306 x10-°mZ /s
= 0.0069 m/s

The cross sectional area of each tank = A

maximmum flow if J—

Fflow velocity = vy




“+*Fromm Table R-1, the honzontal mean flow wvelocity at
maximum flow is 0.05 m's

1.5x 1.0m3/s 1

A= 2 tanks * 0.05™
5

= 153 m- = Width x Depth

<+ For a water depth of h, = 3.0 m, the wudth is :

_ 15 m~*
Width. W = —— =5m
3 m

% Length of each tank is :

3 m
069 m/s

h T7e
L — K e =1.?5( j 0.05™ _ 38
- vy o0 x T

5

< Verify the length-to-depth (L/d) and length-to-width (L/w)

ratios.

L 38 12.7 o

— = :-_:" —_

ol 3 1 1 OK
L 38 7.6 4

W 5 -1 = T OK

“ Vernfy the detenfion fime and suwface loading rates:



Volirne

Q

detention timefor Q.. .t =

IJBmx>mx3Im .
= 1m3/s = 19 min.
5 taniks x 60 s/ min

The calculated wvalue is higher than the typical range of detention
time given in Table R-1 ( 6 to 15 min) for average flow conditions.

19 mi
detention time for Q,,...t = 1"15“1 = 12.7 min

. The detention time is within the acceptable range of ( 6 to 15 min).
<o Determune the surface loading rate, OF-

=

Q@ 17— x36003x24h/d s
=% I~ SamxSmxZianks o/ wm/m.d

The surface loading rate range recommended in Table R-1 is 200 to
400 m’/m® - d Thus. the computed value is within the acceptable
range.



RECTANGULAR SEDIMENTATION BASINS
Rectangular tanks are designed with inlets at one end and
outlets at the other end. The sludge hopper 1s provided at the inlet
end of the tank Many sedimentation basins are rectangular with
honizontal flow, as shown on Fig. K-2 and Plates F-1. A nmuminmm
|:]ftw-c- basins should be provided so that one may be taken off-line
for inspection, repair, and penodic cleaning while the other basin(s)
remain in operation. Basins armanged longitudinally side by side,

sharing a common wall, have proven to be a cost-effective approach.
In addition, a flocculation process may be mcorporated imnto the head
end of the sedimentation basin, mimmizing pipmng, improving flow
distribution to sedimentation basins, and potentially reducing floc
damage durnng transfer between the flocculation stage and the
sedimentation stage. Typical design parameters used for rectangular
sedimentation facilities are summanzed in Table -2,
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FIGURE R-2
Rectangular, horizontal-flow sedimentation basin with

various outlet types:
(a) inboard effluent launders, (b) submerged orifice
withdrawal, and (c) overflow weir and launder.



PIATES R-1

HORIZONTAL FLOW RECTANGULAR SEDIMENTATION BASINS




TABLE R-2

TYPICAL DESIGN CRITERITA FOR HORIZONTAL FL.OW
RECTANGULAR SEDIMENTATION TANKS

Parameter Units Value

Twype S Honzontal-flow
rectangular tank

Minimum number of tanks| Unitless 2
Water depth 1ML 3—5
Length-to-depth ratio, | Dhmensionless 15:-1
TN
Width-to-depth ratio Dhmensionless 3:1 —6:1
Length-to—width ratio, | Dhimensionless 4:1 -5:1
NN
Surface loading rate (overflow m'h 1.25—-2.5
rate)
Horizontal mean-flow wvelocity /1N 0.3—-1.1
(at maxnmum daily flow)
Detention fime h 1.5—4
Laumnder weiwr loading m/m - h o—13




Reynolds number (Ng or Re) | Dimensionless < 20000
Froude number Dimensionless| > 107

Bottom slope for manual m'm 1:300
sludge removal systems

Bottom slope for mechamical m'm 1: 600

sludge scraper equipment

Sludge collector speed for| —m/min 03-08
collection path

Sludge collector speed for the| mmin 15-3

return path




HORIZONTAL FILOW VETIL.OCTITY

Setfling characteristics and surface loading are generally the main
basis of desagn with Reynolds and Froude numbers being used as a
check on twrbulence and back muxing. The Reynolds nmamber is
determuned as:

vy Rp Py Ry
NR — - — m

where
N p = Reynolds mmumber based on hhydranlic radms, dimensionless

V= average honzontal fliad velocity in tank. m's

Ey = hvdraulic radius = A/ P,

A — cross-sectional area. m”

P = wetted pernmeter, m

v = kinematic viscosity., m~/s

= dynamic viscosity. ( kg/m. s)

p = density of water, kg/m°

The Froude mumber may be determined using the eqguation:
Ve

Fr =
gR,;

Where
Fr = Froude nmmber, dimensionless

g = acceleration due to gravity, © .81 ms”



EXAMPIE-

Two rectangular settling tanks are each 6 m wide, 24 m long, and
2.1 m deep. Each is used altermately to treat 1900 m® in a 12 h
period. Compute the surface overflow (settling) rate, detention time,
honzontal velocity, and outlet weir loading rate using V-shaped weir
with three times the width.

Solution:-

Determiine the design flow O):

Compute surface overflow rate SOR-
SOR = /4 = 3800 m*fd 5 (6 m = 24 m)

=26.4 m’ /im® - d)

Compute detention tuamne t-

Timk volame F = 6 m = 24 m = 2.1 m = 2
= 645 m’
= V0 = 60458 m* 3800 m' S d)
= 1. 15% d

I8 h



Lompute honZontal Velociry L

3800 m'/d
T Emx21lm
— 301 m/d

= 0,209 m,/mm

Th

Compute outlet weir loading rate, W{}R:I

3800 m’/d
WOR = e m =3
=211 m’/id - m)




EXNAMPILE
A water treatment plant that is used to produce 100000 m’/d
drnking water 1= designed to remove grit and sand from a river
water with a diameter of 0.02 | mm_ and density. pp = 2650 ]:;g.-"m3.
Water is at 20 *C. Design -

1-rectangular sedimentation tanks

2- Circular sedimentation tanks

SOLUTION

For water at 20 °C : ( Table S-1)
p=1.002x10-* N.s/m" at 20 °C]
Pw = 9982 kg/m’>

Find the settling velocity ( v, ) for sand particles. Assume first the
flowr 1= lanminar and check for Reynolds namber:
g (pp — P )d?,

18«

soR, — (981 m/s?)(2650 — 998.2)(0.02 x 10— m)?
ve (SOR) = 18 (1. 002 x 10-3 N.s/m2)

= 3.59 x10*m/s

v (SOR) =




L dp— -

N —
= [r
(3.59 x10-* 7) (0.02 x 102 m)(998. 2 kg /m?>)
— (L.002 x 102 N.s/m2)
= 0.00715
Ng < 1 : so its laminar Fflow
Hence

v, (SOR) = 3.59 x 10 *m/s = 31m/d|

Design rectangular sedimmentation tanks: wuse four tanks

100000
Q/t T m? Sd
SOoOR IAm/d

A = = 806.45 rn®

Select length to width ratio - = 5:1
A=WxL="Wx5W = 806.45 m?2
W=127 m_,L=635m

Avcssiuamne detention tuane = 3 hrs,



deptih
detention tirmee

. (SOR) =

o e — . .5 ri (3 hrsx 31m/d)
epii, — detention tirme x v, — 24 h/d

= 3. 88 . = 3.9 m (ok)

63.5 16.28
1

|
3
0

The basin length-to-depth ratio 1s 1628 - 1 which i1s gpreater than the
NN recommendation of 15:-1.
|5 o 127 3.25|

h 3.9 1

The basin width -to-depth ratio 15 3. 2571, which i1s within the
recommendation of 31 to &:-1.
vy (horizontal velocity) = _2
W xh

(100000 m3/d) /4
12.7 m x 3.9 m x 24 % x 60 min/h

= 0. 35 e/ rreim



1 he 1Mean VeloCcily 1S greater than U 5 mymin amnd 1ess than 1.1

Check the Fevnolds and Frounde numbers
s R
Ngp — Py Ry
LL
_.-'!Ix_ 3.9mx12. 7T m .
Ben= p T i1z 7mi2@omy = tem
0.35 m/min
YF = —eD s /min = 0.00538 m/s
K e
e R 998.2 ~4 » 0.0058 x 2. 42 m
Ng=25r7n _ m s _ — 13983
kL 1L.002Z x 103 N.——
7
< 20000

The FEevnolds mumber of 13983 15 less than the recommended value
of 20000 for a hornzontal sedimentation basin (OK)

The Froude nuamber 15 given by

17 2 0. 0058 m/s)2
Fr—= —¥f = ¢ /53 — 1. 417 x 105

gRr  9.81 3 x 2.42m

= 1.411 > 10° << 10—°



The Froude number is lower than the recommended wvalue for
sedimentation tanks. so the tank design must be modified. (Not Ok)
Take weir over flow rate (WOR) of 13 m° ’m’h =312 m°/m*.d -

Q@ _ (100000 %3-) /4

z th i = = — 80
engthof welr = o R =~ 312 m/m. d m
= width of the tank
Hence - use suspended troughs inside the tankl
— = ey g
niz.--f
SRR . ':?_i

[ ey g o e L T £
A1 N’ 4
I — }
B = : - SN o~ ol
o > ‘t ' 0.:————1 | 30 ’\E—v _;“‘o-* X "" ~_
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TABLE E-3

INPICAL DESIGN CEITERIA FOR CIRCTULAR
SEDIMENTATION TANEKS

Paramerter Units Y alue

Tvpe — Radial-flow cimalar
tank

Mininmm number of tanks Unitless 2
Side water depth 1 2—6
Swurface loading rate (overflow | mr/ m~.d 20 — 60
rate)
Detention time h 1—3
Weilr loading m/m - d 170 - 350
Dhameter m 3-60
Bottom Slope 1/16 — 1/6
Flight Speed r/nun 0.02-0.05




PLATES R-2|
CIRCULAR SEDIMENTATION BASINS






